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Stress Fiber Organization and Dynamics in Cells Adhered to Substrates of
Varying Stiffness
Wei Nie, Ming-TzoWei, Ivan Biaggio, H. Daniel Ou-Yang, Sabrina Jedlicka,
Dimitrios Vavylonis.
Lehigh University, Bethlehem, PA, USA.
Abstract
Cellular morphology, locomotion and division are closely related to the
stiffness of the substrates onto which the cells are cultured. The stiffness
of cultured cells typically increases with the stiffness of the substrate.
This increase correlates with increased contractility and the development
of a meshwork of parallel and cross-linked stress fibers along the contacting
surface. Many questions remain regarding the mechanisms that underlie
cell-level cytoskeletal remodeling during mechanosensing. To better quan-
tify the morphology and dynamics of the actomyosin cytoskeleton as a func-
tion of substrate stiffness, we used confocal microscopy to image cultured
HeLa cells that stably express myosin regulatory light chain tagged with
GFP (MRLC-GFP). We cultured cells on poly-acrylamide substrates coated
with collagen I, with stiffness ranging from 0.4 kPa to 60 kPa. We used
image segmentation methods to measure stress fiber and cortical myosin
distributions in static 3D images. Time-lapse recordings show a connected
stress fiber meshwork that evolves through new stress fiber formation on
the cell periphery, contractile activity, and stress fiber merging and splitting
over times of order hours. Quantitative analysis is suggestive of kinetic
models that explore how different cortical myosin remodeling kinetics
may contribute to different cell shape and rigidity depending on substrate
stiffness.
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Arp2/3 Exhibits Higher Affinity for Young than for Mature Actin Fila-
ments
Renjian Huang1, Roberto Dominguez2, Chih-Lueh Albert Wang1.
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Actin undergoes a conformational transition during polymerization, known as
maturation. Caldesmon (CaD) or its C-terminal fragment, H32K, when pres-
ent before the transition, inhibits this process and arrests the actin filament at
the pre-transitional ‘‘young’’ state, which is otherwise transient (Huang et al.,
J Biol Chem 285, 71-79, 2010). However, CaD in cells usually binds to sta-
ble actin filaments, except when it is phosphorylated and translocated to the
cell leading edge where actin is being actively assembled (Kordowska et al.,
Exp Cell Res 312, 95-110, 2006); this may be the only occasion that CaD
could interfere with actin maturation in vivo. We hypothesized that the
young actin filaments stabilized by phosphorylated CaD are rendered more
amenable to remodeling. Electron microscopic images indeed show that these
young filaments have a rough and fuzzy morphology (Collins et al., Bio-
Architecture 1, 127-133, 2011). The question then arises: Could such an ir-
regular appearance in fact provide more available docking sites for other
actin-binding proteins, and thereby facilitate actin dynamics? To test this
idea, we have performed binding experiments between Arp2/3 and actin fil-
aments formed under the condition favoring either the young or the mature
state. Actin filaments polymerized in the presence and absence of the CaD
fragment H32K were incubated with the Arp2/3 complex and centrifuged;
the amount of actin-bound Arp2/3 in the pellet was then analyzed by
immuno-reactivity toward anti-Arp2 after serial dilutions. We found that
the level of Arp2/3 cosedimented with actin filaments polymerized in the
presence of H32K was higher than that bound to CaD-free F-actin, indicating
stronger binding of Arp2/3 to the young actin filaments than to the mature
filaments. These results appear to support our hypothesis. Supported by
a grant from NIH.
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Breaking the Dynamic Instability of the Actomyosin Cortex Triggered by
a Single Mechanical Cue Drives Cell Polarity in Non-Adherent Cells
Philippe Bun1, Vincent Contremoulins1, Marc Tramier2, Maı¨te´ Coppey1.
1Institut Jacques Monod (CNRS UMR7592-Univ.Paris7), paris, France,
2IGDR (CNRS UMR6061), Rennes, France.
The ability of cells to establish and maintain polarized states is essential for
numerous developmental and physiological processes. A key role in animal
cell polarization is played by myosinII which generate contractile forces
that result in producing a tensile stress in the actin network. Polarity establish-
ment requires a symmetry-breaking event, resulting in an axis along which thecell will organize itself. While the polarization can occur spontaneously it
could be triggered by a mechanical cue implying the presence of a mechanical
threshold beyond which the cortex ruptures.
We propose to study the role of asymmetric and weak mechanical cue on the
first steps of 3T3 fibroblast polarity establishment. We setup a dual-objective
system that combines quantitative micromanipulation using optical tweezers
and three-dimensional fluorescence imaging. 3T3 cells were maintained in sus-
pension using glass coverslips coated with a hydrophobic co-polymer.
In absence of mechanical and chemical perturbations, cells exhibit an oscil-
latory behavior driven by the dynamical instability of the actomyosin cortex.
Application of a single fibronectin-coated trapped bead is sufficient to in-
duce the growth of an irreversible protrusion in the direction of the cue.
In addition, the MTOC reorients toward the newly cue-defined polarity
axis. Inhibition of myosinII contractile activity prevents any deformations
and MTOC reorientation, suggesting thus far that an ‘‘unimpaired’’ actomy-
osin contractile activity is necessary for driving cell polarity. Finally, we re-
port a directed cortical flow of actomyosin at the opposite side of the
polarizing cue which suggest the idea of a latent migration polarity axis.
Depletion of actomyosin filament as well as constant flow away of the po-
larizing cue zone supposes that the actomyosin cortex is a self-renewing
contractile engine rather than a pre-tensioned network releasing once stored
tension.
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Tension in the Cytokinetic Contractile Ring Depends on the Mobility of
Actin and Myosin-II Anchors
Matthew R. Stachowiak, Ben O’Shaughnessy.
Columbia University, New York, NY, USA.
Cytokinesis, the physical process of cell division, is accomplished by constric-
tion of an actomyosin contractile ring anchored to the plasma membrane. In
fission yeast, the contractile ring assembles via coalescence of ~65
membrane-anchored precursor nodes containing myosin-II and actin filaments
whose barbed ends are capped by formin Cdc12p. Once assembled, constrict-
ing rings have irregular, random organizations and the available evidence sug-
gests that actin barbed ends and myosin-II remain anchored. However,
whether the anchors are mobile in the membrane and how mobility of ring
components could affect ring organization and tension are unknown. We de-
veloped a stochastic computer simulation of the fission yeast contractile ring
with a minimal set of assumptions based on established biochemical mecha-
nisms. Simulated rings have random organization and actin and formin un-
dergo continuous turnover as observed experimentally. In simulations with
myosin-II and actin filament barbed ends immobilized by strong anchoring,
rings generated ~38 pN of tension due to stalled myosin-II motors pulling
on immobilized actin filaments. Increasing actin or myosin-II anchor mobility
decreased ring tension because myosin-II exerts reduced forces at higher ve-
locities and because relative sliding of actin and myosin-II dissipates the
ring organization and tension, similar to the polarity sorting phenomenon.
Thus, ring tension is promoted by rapid actin turnover that refreshes the
ring organization over the ~30 s turnover time. We also calculated correlation
functions characterizing myosin-II and formin motions that could be used to
quantify component mobility in experimentally observed rings. Interestingly,
while rings with high actin mobility were unable to produce tension, rings
with unanchored myosin-II generated ~10 pN of tension. Thus, our results sug-
gest that strong anchoring of actin filaments is required for ring tension, but
myosin-II anchoring is dispensable.
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Model of Condensation of an Actomyosin Network into a Contractile Ring
for Fission Yeast Cell Division: The Effect of Actin Cross-Linkers Alpha-
Actinin and Fimbrin
Nikola Ojkic1, Damien Laporte2, Jian-Qiu Wu2, Dimitrios Vavylonis1.
1Lehigh University, Bethlehem, PA, USA, 2The Ohio State University,
Columbus, OH, USA.
Quantitative studies of the assembly of the contractile ring in the fission yeast
S. pombe provide insights of how actin, myosin motors, and cross-linkers
self-organize into contractile structures within cells. The fission yeast
contractile-ring assembles through the condensation of a broad band of
membrane-bound nodes that form in the middle of the cell and contain
myosin-II and formin. In the Search, Capture, Pull, and Release (SCPR) model
(Vavylonis et al., 2008), formins nucleate actin filaments from nodes and estab-
lish transient actomyosin connections among them. Myosin pulls and con-
denses the band of nodes into a ring. However, the role of actin cross-linkers
Figure 1. Organization and dynamics of podosome compo-
nents in antigen-presenting cells.A) Podosomes are adhesion
structures containing a dense actin core and a ring of vincu-
lin, talin and other cytoskeletal components. B) Correlated
fluoresence intensities of actin and cytoskeletal adaptor pro-
teins at a single podosome in time.
Webnesday, February 29, 2012 695ain ring assembly is unclear. To examine their roles, we mutated them and mod-
ified the concentrations of alpha-actinin Ain1 and fimbrin Fim1 in vivo. By ti-
trating Ain1 and Fim1, we find that node condensation rates depend on their
concentrations, with stable meshworks forming instead of rings at high concen-
trations and nodes clumping in deletion mutants. In order to better understand
the role of actin filament cross-linkers in ring formation, we further developed
the SCPR model. We modeled actin filaments as semi-flexible polymers and
allowed transient filament bundling (representing cross-linking) and myosin
movement damping along cross-linked actin bundles. With these additional
mechanisms we were able to reproduce morphological features that matched
experimental observations. By decreasing the degree of cross-linking the model
generates structures that transition from stable branched meshworks, as in
cross-linker over expression assays, to node clumps, as in cross-linker deletion
assays. Our work supports a hierarchical process of ring self-organization in-
volving components drawn together from distant parts of the cell followed
by progressive stabilization by cross-linking proteins.
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Imaging FtsZ Rings In Vitro by Negative-Stain EM
Sara L. Milam, Masaki Osawa, Harold P. Erickson.
Duke University, Durham, NC, USA.
In prokaryotes, the major cytoskeleton protein involved in cell division is FtsZ,
a homolog of tubulin. In vivo, light microscopy studies have shown that FtsZ
forms a ring (Z ring) at midcell during cell division. However, the substructure
of the Z ring remains a mystery. In vitro, FtsZ assembles into short, single-
stranded protofilaments (pfs), but it is unknown how these 120 nm long pfs
come together to form a ring that encompasses the ~3000 nm circumference
of the cell. One possibility is that they associate by lateral contacts to make rib-
bons of protofilaments. Another is that the pfs are not in direct contact but com-
municate via distortions of the membrane. We have developed a lipid tubule
system that has enabled us to image the Z-ring substructure by negative-stain
EM. Here we took advantage of the self-assembling lipid, DC 8,9, PC, which
spontaneously forms 500 nm diameter tubules in solution. We added
membrane-targeted FtsZ (mts-FtsZ), which has been shown to form Z rings in-
side or outside of tubular liposomes. The mts-FtsZ assembled characteristic Z
rings imaged by fluorescence light microscopy. Negative-stain EM showed that
these Z rings consist of ribbons of pfs, which were one-subunit thick. Fourier
transform analysis of these images confirmed the close packing (~5 nm) of in-
dividual pfs in the Z ring. Overall, the data suggest that lateral contacts are im-
portant for Z ring assembly. In addition, these results were similar for FtsZ from
E. coli and M. tuberculosis, suggesting that lateral contacts are an intrinsic
property of Z rings.
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Superresolution Investigation of In Vivo Structure and Dynamics of E. coli
FtsZ Structures during Cytokinesis
Carla Coltharp, Guo Fu, Tao Huang, Jackson Buss, Zach Hensel, Jie Xiao.
The Johns Hopkins University School of Medicine, Baltimore, MD, USA.
Control of E. coli cell division is achieved by a network of proteins that orga-
nize cytokinesis in space and time. FtsZ, a tubulin-like GTPase that forms head-
to-tail protofilaments, localizes to the midcell and assembles into a ring-like
structure known as the Z-ring. The Z-ring serves as an essential scaffold to re-
cruit all other division proteins and generates contractile force for cytokinesis,
but its supramolecular structure and contraction mechanism remain unknown.
We have used photoactivated localization microscopy (PALM) to characterize
the in vivo structural dynamics of the Z-ring in E. coli at a spatial resolution of
~35 nm.
Superresolution imaging revealed that the Z-ring is ~110nm wide and is com-
posed of a loose 3D bundle of FtsZ protofilaments that overlap with each other
in both the longitudinal and radial directions in the cell. These 110nm rings
were observed in either a single-ring conformation at midcell or in a multi-
ple-ring conformation reminiscent of a tight helix. The tight helix conformation
was very rarely observed in cells with a visible septation, suggesting that the
Z-ring fluctuates between the single-ring and tight helix conformation before
cytokinesis begins, but then adopts only the single-ring conformation during
constriction. We also observed non-ringlike FtsZ structures emanating from
the midcell in cells at later stages of constriction, indicating Z-ring disassem-
bly. These disassembling structures were observed in cells with 200-600nm sep-
tum diameters, suggesting that Z-ring disassembly occurs gradually throughout
the constriction process.We also observed that the bandwidth distribution of the
Z-ring did not changewith varying expression levels, cell size, or during the pro-
gression of cytokinesis, suggesting that the factors that regulate Z-ring thickness
are not affected by FtsZ concentration or changes in cell shape.3522-Pos Board B383
Integrating High Resolution Bioimaging Techniques to Unravel Spatio-
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Koen van den Dries1, Marjolein Meddens1, Samantha Schwartz2,
Diane S. Lidke2, Keith A. Lidke3, Carl G. Figdor1, Alessandra Cambi1.
1Nijmegen Centre for Molecular Life Sciences, Nijmegen, Netherlands,
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Podosomes are highly dynamic adhesion structures which consist of a dense ac-
tin core surrounded by a ring of integrins and adaptor proteins (Fig. 1A), typ-
ically associated with focal adhesions (FAs). Interestingly, while it is well
established that myosin mediated tension plays an essential role in regulating
adaptor protein recruitment to FAs, it is unknown whether similar mechanisms
control podosome assembly. Here, by combining FRAP with Image Correlation
Spectroscopy, we
identify myosin-
independent mech-
anisms that recruit
adaptor proteins
during podosome
assembly (Fig. 1B).
Moreover, we pro-
vide evidence that
the cortical actin
network creates the
necessary tension
eliciting the recruit-
ment of adaptor
proteins during po-
dosome assembly.
Combined with
super-resolution STORM images of individual podosomes, our studies provide
novel detailed insight into podosome spatio-temporal organization. A model in-
tegrating these results will be presented.
3523-Pos Board B384
Moving Towards Self-Assembling Machines: Harnessing Spindle Compo-
nents for Biosynthetic Devices
Timothy D. Riehlman, Zachary T. Olmsted, Carmen Branca, Ani Levine,
Laura Patrick, Janet L. Paluh.
CNSE, UAlbany-SUNY, Albany, NY, USA.
The remarkably dynamic and complex manufacturing environment of the eu-
karyotic cell is currently unrivaled by manmade systems. Through dissection
and harnessing of biological machines and underlying processes, and merger
with synthetic materials, we hope to scale manufacturing into realms currently
restricted from physical manipulation. Spindle assembly is the first critical step
in chromosome segregation and a primary target for anti-cancer therapeutics.
An assemblage of nanoscale components and communication networks must
be integrated for spindle formation and function. We are applying nanotechnol-
ogy in parallel with traditional methods of yeast genetics, timelapse micros-
copy, AFM and biochemistry. Dramatic reorganization of interphase
microtubules into a bipolar organization for chromosome segregation requires
focused nucleation from spindle pole body microtubule organizing centers
(MTOCs). The g-tubulin small complex (g-TuSC) MTOC associates with
growing microtubules and is part of a larger ring complex (g-TuRC). The com-
plex controls microtubule nucleation, organization and dynamics. Three con-
served kinesin-like protein (Klp) families in fission yeast contribute in
critical roles in spindle assembly. Kinesin-14 Pkl1 and Kinesin-5 associate
with g-TuSC at poles and provide counterbalanced roles in microtubule nucle-
ation and organization, while Kinesin-6 acts on overlapping anti-parallel mi-
crotubules. The coupled action of the MTOC and Klps enables multiple
levels of control. By purifying the g-TuSC and g-TuRC complexes from hu-
man and fission yeast cells using superose 6 FPLC chromatography, co-
immunoprecipitation with magnetic beads and western analysis and attachment
of these complexes to functionalized surfaces we are analyzing minimal com-
ponents and frameworks for generating anti-parallel, bipolar and more complex
microtubule array structures in the presence of multiple Klps. Our goal is to in-
corporate the MTOC, tubulin and multiple Klp families in different biosyn-
thetic platforms to better understand self-assembling machines and
transitional dynamic architectures thereby refining both in vivo models and
in vitro advanced applications.
